In vitro studies on the oxidative metabolism of 20(s)-ginsenoside Rh2 in human, monkey, dog, rat, and mouse liver microsomes, and human liver s9.
20(S)-Ginsenoside Rh2 (Rh2)-containing products are widely used in Asia, Europe, and North America. However, extremely limited metabolism information greatly impedes the complete understanding of its clinical safety and effectiveness. The present study aims to systematically investigate the oxidative metabolism of Rh2 using a complementary set of in vitro models. Twenty-five oxidative metabolites were found using liquid chromatography-electrospray ionization ion-trap mass spectrometry. Six metabolites and a metabolic intermediate were synthesized. The metabolites were structurally identified as 26-hydroxy Rh2 (M1-1), (20S,24S)-epoxydammarane-12,25-diol-3-β-d-glucopyranoside (M1-3), (20S,24R)-epoxydammarane-12,25-diol-3-β-d-glucopyranoside (M1-5), 26,27-dihydroxy Rh2 (M3-6), (20S,24S)-epoxydammarane-12,25,26-triol-3-β-d-glucopyranoside (M3-10), (20S,24R)-epoxydammarane-12,25,26-triol-3-β-d-glucopyranoside (M3-11), and 26-aldehyde Rh2 on the basis of detailed mass spectrometry and nuclear magnetic resonance data analysis. Double-bond epoxidation followed by rearrangement and vinyl-methyl group hydroxylation represent the initial metabolic pathways generating monooxygenated metabolites M1-1 to M1-5. Further sequential metabolites (M2-M5) from the dehydrogenation and/or oxygenation of M1 were also detected. CYP3A4 was the predominant enzyme involved in the oxidative metabolism of Rh2, whereas alcohol dehydrogenase and aldehyde dehydrogenase mainly catalyzed the metabolic conversion of alcohol to the corresponding carboxylic acid. No significant differences were observed in the phase I metabolite profiles of Rh2 among the five species tested. Reactive epoxide metabolite formation in both humans and animals was evident. However, GSH conjugate M6 was detected only in cynomolgus monkey liver microsomal incubations. In conclusion, Rh2 is a good substrate for CYP3A4 and could undergo extensive oxidative metabolism under the catalysis of CYP3A4.